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Introduction 


Since the 1964 Surgeon General's report, the evi¬ 
dence on active smoking and cancer has grown rap¬ 
idly. In that first report, only cancers of the lung and 
larynx in men were causally linked to cigarette smok¬ 
ing (U.S, Department of Health, Education, and Wel¬ 
fare (USDHEW] 1964). That list grew with subsequent 
reports to include more sites and to include cancers in 
women as well as in men. 

The topic of smoking and cancer was last ad¬ 
dressed comprehensively in the 1990 Surgeon 
General's report on smoking cessation (U.S, Depart¬ 
ment of Health and Human Services (USDHHSJ 1980) 
and in the 1982 report (USDHHS 1982), which focused 
on cancer. The report on women and smoking 
(USDHHS 2001) also considered cancer, and this chap¬ 
ter builds from that report for several cancers. This 
chapter reviews the evidence relating smoking to a 
range of cancers, some previously associated causally 
with smoking and some for which substantial new 
evidence has become available since the 1990 review 
in the Surgeon General's report on smoking cessation. 
For some less common cancers, little research has been 
conducted and these cancer sites are not included in 
this chapter. Lymphomas and multiple myeloma, skin 
cancers, bone cancer, and testicular cancer were omit¬ 
ted because they have not been linked to smoking. 
Pediatric malignancies are also not discussed, since this 
report concerns active smoking rather than involun¬ 
tary exposure to cigarette smoke in utero and after 
birth. * 

The relationship between smoking and:lung can¬ 
cer in men was the first to be classified as causal, fol¬ 
lowing a review by Surgeon General Luther L. Teriy’S 
committee in the landmark 1964 report (USDHEW 
1964). The many documented benefits from quitting 
smoking include a large decline in the risk of lung canr 
cer after cessation compared with the risk from con¬ 
tinuing smoking (USDHEW 1979; USDHHS 1989, 
1990). There is now equally convincing evidence that 
smoking causes cancer at a number of other sites for 
which causal conclusions had not been previously 
reached. 

Previous Surgeon General’s reports have con¬ 
cluded that smoking causes cancer in several organ 
sites. The list of cancers caused by smoking has in¬ 
cluded cancers of the urinary bladder, esophagus, kid¬ 
ney, larynx, lung, oral cavity, and pancreas. The past 
conclusions are detailed in the text that follows and 


are summarized in Table 2.1. The International Agency 
for Research on Cancer (lARC) has also reviewed the 
evidence on tobacco and cancer on two occasions, in 
1986 and again in 2002 (lARC 1986,2002). The system 
used by lARC differs from that applied in the Surgeon 
General’s reports, but conclusions have generally been 
similar. 

The powerful epidemiologic evidence on smok¬ 
ing and lung cancer reported during the 1950s was one 
of the first warnings of the strength of smoking as a 
cause of cancer and other diseases (Doll and Hill 1954, 
1956). That warning was soon followed by the rise of 
lung cancer in women and the epidemic of other 
chronic diseases caused by smoking. The past decade 
has seen a rapid expansion of the application of mo¬ 
lecular markers to complement traditional epidemio¬ 
logic approaches to the study of smoking and cancer. 
This evolving field allows a clearer demonstration of 
the etiologic pathways from exposure to tobacco smoke 
to malignant transformation of target cells, and is dis¬ 
cussed in relation to lung cancer as a model of the 
growing insights into the causal pathways from smok¬ 
ing to cancer. 

The overall contribution of smoking to disease 
and death continues to demand attention as excess 
mortality attributable to smoking maintains its rise. 
Cancer represents a substantial proportion of this 
contribution. An analysis of the two American Cancer 
Society (ACS) prospective cohort studies (Cancer Pre¬ 
vention Study I [CPS-I] and II [CPS-IIi) by Thun and 
colleagues (1995), shows that the risk of premature 
mortality from smoking (death before 70 years of age) 
doubled in women and continued to rise in rnen dur¬ 
ing the interval (the 1960s to the 1980s) that separates 
these two cohorts. The' contribution of lung cancer and 
other cancers to this excess in premature mortality,was 
substantial. Annual death rates from Iting.cancer for 
women who were current smokers Increased from 26.1 
to 154.6 per 100,000, and for men the increase was from 
187.1 to 341.3 per 100,000. Patterns varied by age. The 
relative risks (RRs) of lung cancer changed from 11.9 
in CPS-I to 23.2 in CPS-D for men, and from 2.7 to 12.8 
for women. The percentages of lung cancer deaths at¬ 
tributable to smoking changed from 86 percent in CPS- 
I to 90 percent in CPS-II for men, and from 40 percent 
to 79 percent for women (Thun et al. 1997a). Among 
current cigarette smokers overall, deaths attributable 
to cigarette smoking increased between CPS-I and 
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CPS-Il from 41.Z to 56.5 percent in men and from 16.7 
to 47.4 percent in women. Lung cancer accounted for 
a larger proportion of all-cause mortality in CPS-II, in 
part reflecting the decline in cardiovascular disease 
mortality. 

In contrast to these changes from the 1960s to the 
1980s, an analysis of the Surveillance, Epidemiology, 
and End Results (SEER) database indicates that the 
rates of cancer began to decline from 1991 to the present 
(Ries et al. 2000a, 2003). The decline was observed in 
large part for smoking-related cancers (stomach, oral 
cavity, larynx, lung and bronchus, pancreatic, and blad¬ 
der) (McKean-Cowdin et al, 2000). For each of these 
cancers, both the incidence and the mortality rates 


declined. Mortality also declined for cancer of the kid¬ 
ney, while incidence declined for cancer of the esopha¬ 
gus and for leukemia. These changes likely reflect, at 
least in part, the decline in smoking among men and, 
to a lesser extent, among women, paralleling the ear¬ 
lier national decline in smoking. 

In developing this chapter, the literature review 
approach was necessarily selective. For cancers for 
which a causal conclusion had been previously 
reached, there was no attempt to cover all relevant lit¬ 
erature, but rather to focus on key Issues or particu¬ 
larly important new studies for the site. For sites for 
which a causal conclusion had not been previously 
reached, a comprehensive search strategy was used. 


Lung Cancer 


Lung cancer was one of the first diseases to be 
causally linked to tobacco smoking. Although there 
are causes of lung cancer other than tobacco smoking, 
lung cancer occurrence rates have served as a sentinel 
for the epidemic of tobacco-caused diseases that be¬ 
gan during the twentieth century because of the pre¬ 
dominant causal role of smoking in these diseases. 
Across the early decades of the last century, clinicians 
noted the increase in lung cancer among their patients, 
and Ochsner and DeBakey (1939) speculated that ciga¬ 
rette smoking might be the cause in a case series 
reported in 1939. Although the possibility of an arti- ' 
factual increase reflecting diagnostic bias was cdnsid- ’ 
ered, by midcentury there was no doubt as to the 
presence of an epidemic (Macklin and Mack! in 1940). 
Lung cancer was therefore the focus of many early epi¬ 
demiologic studies on smoking;(White 1990; Doll et 
al. 1994) and one of the principal topics of the 1964 
Surgeon General’s report (USDHEW 1964), vyhich ' 
reached the momentous conclusion that smoking was 
a cause of lung cancer (in men). Lung cancer mortal¬ 
ity. which closely parallels incidence because of the 
extremely high case-fatality rate, is tracked in coun¬ 
tries throughout the world and has provided a useful 
anchoring and index point for estimating the burden 
of tobacco-caused diseases (Peto et al. 1994). A decrease 
in lung cancer incidence and mortality rates has be¬ 
come evident among younger men in the United States 
and in other countries in the last 20 years, reflecting 
the impact of efforts over decades to reduce smoking 
(Gilliland and Samet 1994; Wingo et al. 1999). 


However, 40 years after smoking was first iden¬ 
tified as a cause of lung cancer, it remains a leading 
cause of cancer and of death from cancer. Lung cancer 
accounts for 28 percent of all cancer deaths in the 
United States (ACS 2003). In 2003, an estimated 171,900 
new cases of lung cancer were expected to be diag¬ 
nosed in the United States, accounting for 13 percent 
of all cancer diagnoses, and an estimated 157,200 
deaths attributable to lung cancer were expected to ^ 
occur. In’spite of vigorous researchnn therapy, sur¬ 
vival remains poor with five-year survival of only 15 
percent for all stages of lung cahcer;cpmbined (ACS- 
2003).’The age-adjust'ed annual incidence rate is de-. '• 
dining steadily in men, from a high of 102.1 per 100,000 
in 1984 to 80.8 per 100,000 in 2000 (ACS 2003:-Ries et . 
al. 2003).-In the 1990s, the rate of increase, began to, 
slow for women, but by 2000 the incidence' rate arndng ' 
women was 49.6 per 100,000 (Thun et al; 1997b; Wingo 
■ et ar;T999:vRies"et al. 2003). During the'1990s deaths, 
attributable to lung cancer declined significantly in 
men. while mortality rates in women continued to in¬ 
crease. These changing patterns of incidence and mor¬ 
tality reflect temporal changes in smoking behaviors 
among U.S. adults that occurred decades ago (National 
Cancer Institute [NCI] 1997). Smoking dedlned more 
precipitously among men than among women begin¬ 
ning in the l950s, and the recent patterns of change in 
lung cancer rates reflect these earlier prevalence rates. 

Lung cancer refers to a histologically and clini¬ 
cally diverse group of malignancies arising in the res¬ 
piratory tract, primarily but not exclusively in cells 
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lining the airways of the lung. The four principal types, 
classified by light microscopy and special stains, are 
squamous cell carcinoma, small cell undifferentiated 
carcinoma, adenocarcinoma, and large cell carcinoma. 
Beginning at the trachea, the airways branch 20 or more 
times. Until recently, most cancers were believed to 
originate in the larger airways of the lung, typically at 
the fourth through die eighth branches. However, there 
has been a rise in the frequency of adenocarcinomas 
since the 1960s, which tend to develop in the periph¬ 
eral lung (Churg 1994). The specific cells of origin of 
the different types of lung cancer are still unknown; 
candidates include the secretory cells, pluripotentlal 
basal cells, and the neuroepithelial cells (National Re- 
seau-ch Council [NRC] 1991, 1999). 

The rising incidence of lung cancer through the 
first half of the twentieth century prompted intensive 
epidemiologic investigations of the disease, resulting 
in the identification of a number of causal agents 
(Samet 1994; Blot and Fraumeni 1996). Cigarette smok¬ 
ing is by far the largest cause of lung cancer, and the 
worldwide epidemic of lung cancer is attributable 
largely to smoking. However, occupational exposures 
have placed a number of worker groups at high risk, 
and some of these occupational agents are synergistic 
with smoking in increasing lung cancer risks (Saracci 
and Boffetta 1994; lARC 2002), There is .some evidence 
that botli indoor and outdoor air pollution also increase 
lung cancer risks generally (Samet and Cohen 1999). 
Observational evidence showing a familial aggrega¬ 
tion of lung cancer has suggested tliat genetic factors 
also may determine risks in smokers, but the specific 
genes remain under active investigation. 

Prior reports have fully described the variation 
of lung cancer risk with aspects of smoking (USDHHS 
1982, 1989^ 1990, 2001). In smokers, the risk of lung 
''cancer depends largely on the duration of smoking and 
the number of cigarettes smoked (Samet i.996). The 
excess fisks for Stp,okerS, compared with pei sons who 
' have never si^qired, are remarkably high. Many stud- 
.!<j^ provide RR estimates for developing lung cancer 
'■'“for 20' or Higher for smokers compared with lifetime 
nonsmokers (USDHHS 1990; Wu-Williams and Samet 
1994). A risk-free level of smoking has not been identi¬ 
fied, and even involuntary exposure to tobacco smoke 
increases lung cancer risks for nonsmokers (USDHHS 
1986). Lung cancer risk decreases with successful ces¬ 
sation and maintained abstinence, but not to the level 
of risk for those who have never smoked, even after 
15 to 20 years of not smoking (USDHHS 1990; NCI 
1997). Other aspects of smoking—depth of inhalation 
and the type of cigarettes smoked—have relatively 
small effects on risk once duration of smoking and the 
number of cigarettes smoked are considered. 


Conclusions of Previous Surgeon 
General’s Reports 

By 1964, epidemiologic evidence was considered 
sufficiently complete to support a conclusion by the 
Surgeon General’s Advisory Committee that smoking 
causes lung cancer in men (USDHEW 1964). Conclu¬ 
sions followed for women in 1967 as the evidence for 
a causal relationship strengthened, and in 1968 the 
Surgeon General concluded that smoking caused lung 
cancer in women (USDHEW 1967, 1968). In 1986, the 
Surgeon General's report concluded that involuntarily 
inhaled tobacco smoke increased the risk of lung can¬ 
cer in nonsmokers (USDHHS 1986). The 1990 report 
(USDHHS 1990) concluded that smoking cessation 
reduces the risk of lung cancer compared with contin¬ 
ued smoking. The 1998 report on racial and ethnic 
minority groups noted that “., . lung cancer is the lead¬ 
ing cause of cancer death for each of the racial/ethnic 
groups studied in this report" (USDHHS 1998, p. 12). 
The 2001 Surgeon General's report on women and 
smoking concluded that “About 90 percent of all lung 
cancer deaths among U.S. women smokers are attrib¬ 
utable to smoking" (USDHHS 2001, p. 13). 

Biologic Basis 

In the most general conceptual model, the de¬ 
velopment of cancer is considered a result of heritable 
alterations in a single cell, as demonstrated by Furth 
and Kahn (1937) more than 60 years ago. Tlioy showed 
that the progeny of multiple single-cell clones from a 
tumor could reproduce the original disease on re¬ 
injection of the cells into a suitable host. This observa¬ 
tion established that cancer was a disease with a 
molecular basis and a heritable and stable cellular phe¬ 
notype. This discovery set in motion the development 
of experimental models of carcinogenesis, for example, 
the mouse skin model (Berenblum and Shubik 1947). 
This experimental model led to the development of a 
multistage concept of carcinogenesis in which some 
agents are termed “initiators" and others “promoters," 
depending on their pattern of action in the model. The 
initiators are causal agents that exert their effects by 
inducing genetic changes at the start of carcinogen¬ 
esis. These genetic changes are hypothesized to be 
” promoted" by substances that are required for induc¬ 
ing the subsequent, still not fully defined, events that 
give rise to tumors. This model has been refined, up¬ 
dated, and reproduced in the rat liver (Peraino et al. 
1973) and urinary bladder (Fukushima et al. 1983). 
Farber (1984) provides a comprehensive review of 
these experimental approaches. 
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Evidence Synthesis 

There is now a massive body of evidence on lung 
cancer and smoking, with repeated confirmation of the 
causal link between smoking and lung cancer. The 
quickly expanding body of evidence at the molecular 
level exemplifies the growing understanding of the 
changes in cells as they transform from normal to 
malignant. Carcinogenesis caused by tobacco smoke 
has been extensively investigated at the molecular and 
cellular levels; substantial investigative efforts have 
been directed at lung cancer and cancers of the 
oropharynx, esophagus, and larynx (“aerodigestive 
cancers"). Smokers are at substanticilly increased risks 
for cancers at these sites, and tissues can be accessed 
for investigation without difficulty. The findings of this 
research show that the effects of tobacco smoke on cel- 
lular DNA are quite consistent with the current con¬ 
ceptual model of carcinogenesis—a multistep process 
of genetic change. 

Although the conclusion of the 1964 Surgeon 
General's report (USDHEW 1964) that smoking causes 
lung cancer was solidly grounded in epidemiologic 
and toxicologic data, this new evidence is completing 
the mechanistic foundation of that conclusion. Com¬ 
parable investigations of other smoking-caused can¬ 
cers show similar patterns of genetic changes in or¬ 
gans of smokers. 

The risk of lung cancer varies strongly with du¬ 
ration of smoking and with the number of cigarettes 
smoked. For those who successfully quit, the RR de¬ 
clines as the interval of not smoking lengthens, in com¬ 
parison with those who continue to smoke. By com¬ 
parison, the characteristics of the cigarettes smoked, 
primarily indicated by the presence or absence of a 
filter and machine-measured tar and nicotine yields, 
have at most a small effect on risk. The net consequence 
of products with lower yields may be a detriment to 
public health, if their availability unfavorably'affects 
decisions to start or stop smoking. 

Conclusions 

The scope of the evidence on cigarette smoking 
and lung cancer is extraordinary. Epidemiologists 
continue to refine the characterization of the risks from 
smoking, rapidly gaining new insights concerning 
respiratory carcinogenesis from the application of in¬ 
creasingly informative modern cellular and molecu¬ 
lar biology techniques. This chapter has not covered 
the full sweep of this extensive evidence. Even the 


selected review presented here, however, is sufficient 
to support additional conclusions about smoking and 
lung cancer, particularly in relation to key issues that 
have emerged since prior reviews. These conclusions 
are as follows; 

1. The evidence is sufficient to infer a causal relation- . 
ship between smoking and lung cancer. 

2. Smoking causes genetic changes in cells of the lung 
that ultimately lead to the development of lung 
cancer. 

3. Although characteristics of cigarettes have 
changed during the last 50 years and yields of tar 
and nicotine have declined substantially, as as¬ 
sessed by the Federal Trade Commission’s test 
protocol, the risk of lung cancer in smokers has 
not declined. 

4. Adenocarcinoma has how become the most com¬ 
mon type of lung cancer in smokers. The basis for 
this shift is unclear but may reflect changes in the 
carcinogens in cigarette smoke. 

5. Even after many years of not smokingl Che risk of 
lung cancer in former smokers remains higher than. 
in persons who have never smoked. 

6. Lung cancer incidence and mortality rates in men 
are now declining, reflecting past patterns of ciga^' 
rette use, while rates in women are still rising. 

■ ’ • ’ ‘\ 

Implications " ' • 

' Lung cancer.is the leading cause of cancer deathj 
in the;United States, and cigarette smoking causes most • 

■ cases, In spite of gains in understanding respiratory, 
carcinogenesis and, the potential of molecular and 
imaging techniques to screen for lung cancer, sm'ok- 
, iiig prevention and cessation remain the fundamental, / 
strategies for controlling the lung cancer epidemic. 
The evidence shows that changes in the design of ciga¬ 
rettes Intended to reduce tar and nicotine yields have 
had no significant beneficial consequences for lung 
cancer risks in smokers. Although sustained smoking 
cessation does reduce the risk in former smokers, the 
level of risk never declines to that of persons who have 
never smoked. Only the prevention of smoking can 
stop the epidemic of lung cancer. 
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Laryngeal Cancer 


Unlike lung cancer, the majority of laryngeal can¬ 
cer cases can be successfully treated and the current 
five-year survival rate Is 65 percent (Ries et al. 2003). 
Nonetheless, in 2003 an estimated 3,800 deaths were 
expected to occur from laryngeal cancer among an es¬ 
timated 9,500 incident cases (ACS 2003). 

Conclusions of Previous Surgeon 
General’s Reports 

As early as the 1964 Surgeon General’s report, 
smoking was identified as a cause of lung cancer and 
cancer of the larynx (USDHEW 1964). Since 1964, other 
reports of the Surgeon General have covered the ex¬ 
tensive evidence supporting the conclusion that smok¬ 
ing causes cancer of the larynx (USDHHS 1980, 1982, 
1990). 

Biologic Basis 

The larynx is directly exposed to carcinogens in 
tobacco smoke as inhaled smoke passes through the 
glottis, the space between the vocal chords. Most la¬ 
ryngeal cancers are of the squamous ceil type. 

Epidemiologic Evidence 

Many recent studies have grouped laryngeal can¬ 
cers, along with cancer of the oral cavity and pharynx, 
in an umbrella category of "upper aerodigestive can¬ 
cers." From an epidemiologic perspective, these can¬ 
cers have a comparable relationship with cigarette 
smoking. 

Table 2.3 ipdudes selected recent studies that 
provide findings for laryngeal cancer alone. These re¬ 
sults show that smoking remains a strong cause of la¬ 
ryngeal cancer. As with lung cancer, the RR rises 


sharply with the duration of smoking and number of 
cigarettes smoked, and falls after successful cessation. 
In some studies, for the strata with the greatest num¬ 
ber of cigarettes smoked the RRs are 20 or more, com¬ 
pared with lifetime nonsmokers. 

Evidence Synthesis 

For laryngeal cancer, alcohol consumption is also 
an independent risk factor that acts synergistically with 
cigarette smoking. The synergism between smoking 
and alcohol consumption as a cause of laryngeal can¬ 
cer has been well documented in many earlier studies 
ffable 2.4) (lARC 2002). The case-control study carried 
out in Brazil by Schiecht and colleagues (1999b) shows 
this synergism, with the RRs for cigarette consump¬ 
tion increasing with increasing levels of ethanol intake. 

There is a long-standing conclusion that smok¬ 
ing causes laryngeal cancer. The evidence remains con¬ 
sistent with this conclusion. 


Conclusions 

t. The evidence is sufficient to infer a causal relation¬ 
ship between smoking and cancer of the larynx. 

2. Together, smoking and alcohol cause most cases 
of Ictryngeal cancer in the United States. 

Implications 

Fortunately, therapeutic advances provide the 
possibility of cure to many people with laryngeal can¬ 
cer. Nonetiieless, almost all cases reflect the use of to¬ 
bacco and alcohol and could be prevented. 
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Oral Cavity and Pharyngeal Cancers 


An estimated 27,700 new cases and 7,200 deaths 
from cancers of the oral cavity and pharynx were ex¬ 
pected to occur in the United States in 2003 (ACS 2003). 
Incidence rates are more than twice as high in men as 
in women. Age-adjusted incidence rates per 100.000 
for 1996-2000 in areas of the SEER Program were high¬ 
est among black men (20.5). intermediate among white 
men (16.0), and lowest among black (6.4) and white 
(6.5) women (Ries et al, 2003). Internationally, death 
rates from cancers of the oral cavity and pharynx vary 
more than lOO-fold across countries (lARC 2003). The 
highest rates occur among men in the western Pacific 
region and Sri Lanka, where tobacco is chewed in com¬ 
bination with betel. In these regions, mortality rates 
exceed incidence rates among black men in the United 
States. The type of tobacco used and whether there is 
also regular alcohol intake influence the location of 
cancers within the oral cavity and pharynx. In New 
Guinea, Sri Lanka, and India, tumors occur predomi¬ 
nantly in the oral cavity where the betel quid is held. 
In France, men who smoke cigarettes and drink alco¬ 
hol develop mostly cancers of the pharynx (Blot et al. 
1996). 

Conclusions of Previous Surgeon 
General’s Reports 

Many Surgeon General's reports on smoking and 
health since 1964 have considered the role of tobacco 
smoking and/or smokeless tobacco as a cause of can¬ 
cers of the oral cavity and pharynx. The conclusions 
of these reports have’ become progressively more defi¬ 
nite over time. The conclusion has been reached that 
all forms of tobacco use cause these cancers, and ma¬ 
lignancies from tobacco use can involve any part of 
the oral cavity and phaiynx except the salivary glands. 
Key conclusions from the reports are chronologically 
presented below; 

The causal relationship of the smoking of pipes 
to the development of cancer of the lip appears 
to be established. Although there are sugges¬ 
tions of relationships between cancer of other 


specific sites of the oral cavity and the several 
forms of tobacco use, their causal implications 
cannot at present be stated (USDHEW 1964, 
pp. 204-5). 

With the exception of the pipe-lip cancer rela¬ 
tions there are too few cases related to the in¬ 
dividual parts of the buccal cavity to evaluate 
each independently, and data are inadequate 
on the interaction of smoking with other fac¬ 
tors (USDHEW 1967, p. 35). 

It is clear that people who use tobacco have 
higher rates of oral cancer than those who do 
not. Research is needed to identify the dose 
relationships, to determine whether or not 
there are dosage thresholds, and to clarify the 
relationships between dosage, style of tobacco 
use, and part of the mouth affected.. . .For pa¬ 
tients with oral cancer... .cessation of tobacco 
use can make an important contribution to 
reducing the risk of a new primary cancer 
(USDHEW 1968, p. lOl). 

Epidemiological and experimental studies 
contribute to the conclusion that smoking is a 
significant factor in the development of can¬ 
cer of the oral cavity and that pipe smoking, 
alone or in conjunction with other forms of ■ 
tobacco, use, is causally related to cancer of the 
lip. Experimental studies suggest that tobacco 
extracts and tobacco smoke contain initiators • 
and promoters of cancerous’changes in the oral • 
cavity (USDHEW 1972, p. 67). . ’ ;’ 

Prospective and retrospective studies have 
sho’wn an association between mortality for 
oral cancer and tobacco usage in men and 
women. This association has been demon¬ 
strated for all different modes of tobacco us¬ 
age-cigarette and pipe/cigar smoking, to¬ 
bacco and snuff chewing, reverse smoking, 
and “pan" chewing. Several studies have 
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Evidence Synthesis 

Numerous epidemiologic studies provide consis¬ 
tent evidence that cigarette smokers experience a • 
higher incidence of or mortality from cancers of the 
oral cavity and pharynx than do lifetime nonsmokers. 
The average risk among persons who currently smoke 
and have smoked only cigarettes is approximately 
10-fold higher in men and 5-fold greater in women 
compared with lifetime nonsmokers. Incidence and 
mortality rates increase with the number of cigarettes 
smoked per day and decrease with years since smok¬ 
ing cessation. All forms of tobacco use (cigarettes, 
pipes, cigars, snuff, chewing tobacco, betel, and other 
smoked and smokeless products) increase the occur¬ 
rence of premalignant lesions and malignant transfor¬ 
mations of cells of the tissues of the oral cavity and 
pharynx, which have the most direct contact with the 
tobacco, the smoke, or their dissolved constituents. 
Eliminating the exposure causes most premalignant 
lesions to regress and reduces the incidence and re¬ 
currence of and mortality from invasive cancers of the 
oral cavity and pharynx. Extensive series of studies 
have documented genetic changes in the epithelium 
of smokers, even before the development of malig¬ 
nancy. There are increasing genetic alterations in the 
sequence from premalignant lesions to malignancy. 


Experimental studies in animals cannot precisely 
replicate human exposures to cigarette smoke, yet the 
topical application or local injection of tobacco carcino¬ 
gens induces premalignant leukoplakia in rabbits and 
oral cavity cancers in hamsters. 

Conclusion 

1. The evidence is sufficient to infer a causal relation¬ 
ship between smoking and cancers of the oral cav¬ 
ity and pharynx, 

Implications 

Cigarette smoking, like other forms of tobacco 
use, is a major cause of cancers of the oral cavity and 
pharynx in the United States and worldwide, Together, 
smoking and alcohol account for most cases in the 
United States and elsewhere. Reductions in smoking 
(cigarettes, pipes, cigars, and other tobacco products) 
and in the use of smokeless tobacco could prevent most 
of the approximately 30,200 new cases and 7,800 deaths 
from these cancers that occur annually in the United 
States and the much larger burden of these cancers 
worldwide. 
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Surgeon General's Report 


Esophageal Cancer 


An estimated 13,900 new cases and 13,000 deaths 
from cancer of the esophagus were expected to occur 
in the United States in 2003 (ACS 2003). Esophageal 
cancer ranks 19th in terms of incident cancers in the 
United States and 6th in developing countries (lARC 
2003). Age-adjusted incidence rates per 100,000 for 
1996-2000 in areas of the SEER Program were highest 
among black men (11.4), intermediate among white 
men (7.5), and lowest among black (4.2) and white (2.1) 
women (Ries et al. 2003), The disease is rapidly fatal 
in most cases. Relative five-year survival has increased 
in the United States from 4.9 percent for patients diag¬ 
nosed in 1975 (Ries et al. 1999) to 14 percent for pa¬ 
tients diagnosed in 1992, yet median survival remains 
less than one year after diagnosis (Ries et al. 2003), 

Internationally, death rates from esophageal c^- 
cer vary more than 100-fold across countries (lARC 
2003). Mortality rates in north-central China and in 
certain parts of Iran exceed 100 per 100.000. Pockets of 
elevated mortality are reported in South Africa and 
parts of France, whereas mortality rates are below 10 
.per 100,000 in most countries (Munoz and Day 1996). 

The predominant histologic type and location of 
cancers within the esophagus have changed since the 
1970s in the United States (Blot and McLaughlin 1999) 
and in many European countries (Botterweek et a!. 
2000), although a similar change has not yet been re¬ 
ported in high-incidence regions of Asia or Africa. His¬ 
torically, the most common esophageal cancer in de- 
.veloped and developing countries was squamous cell 
carcinoma, occurring largely in the proximal two- 
thirds of the esophagus (Blot<1994): Since the 1970s iri 
the United States, the incidence of adenocarcinoma of ‘ 
the distal esophagus has increased more than fivefold 
among white and African American nien, while the 
incidence.of squamous, cell carcinoma has decreased 
moderately (Blot and McLaughlin 1999). Rates of ad-. 
enocarcinoma arc also rising in women but are much 
lower than in men. Adenocarcinoma now comprises 
more than half of all esophageal cancers in white males, 
whereas squamous cell carcinoma remains the pre¬ 
dominant histologic type among African American 
patients and in high-incidence populations worldwide 
(Blot and McLaughlin 1999). 


Conclusions of Previous Surgeon 
General’s Reports 

Previous Surgeon General's reports on smoking 
and health have presented growing evidence of an as¬ 
sociation between smoking and esophageal cancer 
without distinguishing between squamous cell carci¬ 
noma and adenocarcinoma. The 1982 report concluded 
that smoking is a major cause of esophageal cancer 
(USDHHS 1982), Key conclusions from the reports are 
chronologically summarized below; 

The evidence.. .supports the belief that an 
association exists. However, the data are not 
adequate to decide whether the relationship 
is causal (USDHEW 1964, p. 218). 

Additional epidemiological evidence confirms 
a significant association between the combined ■ 
use of cigarettes and alcohol, and cancer of the 
esophagus (USDHEW 1972, p. 75). 

Cigarette smoking is a significant causal fac¬ 
tor in the development of cancer of the esopha¬ 
gus. The risk.. .increases with the amount 
smoked (USDHEW 1979. p. 5-44). 

- Cigarette smoking is, a majors cause bf esoph- 
;age'al,cancer in the United States; Cigar and 
■ -plpe;smokers experience a risk of .esophageah 
cancer similar to that of cigarette smokers; Th c' ■ 

' risk- of esophageal canceCincfeasesiwith in- 
. creased smoke exposure.’.asirrieasure'd by the 
'humbe'r.of.clgarettes smoked per day, and is ' 
.■‘diminished by discontinuihg the habiti^The 
use of alcohol.in'combination-with smoking; 
acts syncrgisticailyto’greaUydri'a ease the.fisk' 
for esophageal cancer mortality fU.SDHHS,. 
1982, p. 101). 

The proportion of esophageal cancer deaths 
attributable to tobacco use in the United States 
is estimated to be 78 percent for men and 75 
percent for women (USDHHS 1989, p. 156). 
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2.12), and decreases in former smokers with ayounger 
age at cessation or with an increase in the number of 
years since successfully quitting (Tables 2.13 and 2,14). 
Two case-control studies listed in Table 2.14 suggest 
that the risk of squamous cell carcinoma may decrease 
more rapidly after cessation than does the risk of ad¬ 
enocarcinoma (Gammon et al. 1997; Lagergren et al. 
2000), but this pattern is not apparent in all studies 
(Kabat et al. 1993). This pattern suggests the hypoth¬ 
esis that smoking might act differently in the two 
cancer types, acting in the earlier stages of adenocar¬ 
cinoma and in the later stages of squamous cell carci¬ 
noma. 

The combination of cigtirette smoking and alco¬ 
hol intake, particularly heavy alcohol consumption, is 
much more strongly associated with esophageal can¬ 
cer than either smoking or alcohol consumption alone, 
although both independendy increase esophageal can¬ 
cer risks (Table 2.15). The joint effects of smoking and 
drinking on esophageal cancer have been reported in 
high-incidence populations in China (Gao et al. 1994) 
as well as in the Americas (Castellsague et al. 1999) 
and Europe (Zambon et al. 2000). Because of the syn¬ 
ergism between smoking and alcohol, persons who 
drink heavily are at a particularly high risk for esoph¬ 
ageal cancer if they smoke, and the number of smok¬ 
ing attributable cases of esophageal cancer also 
depends on the extent of drinking. 


Adenocarcinoma of the esophagus now com¬ 
prises more than half of all esophageal cancers among 
white men in the United States (Blot et al. 1991). Some 
epidemiologic studies suggest that cigarette smoking 
may be more strongly associated with squamous cell 
carcinoma than with adenocarcinoma. Smoking is 
also more strongly associated with squamous cell 
carcinoma in the United States and Europe than in 
high-incidence populations in China. Nonetheless, 
smoking has been consistently associated with adeno¬ 
carcinoma of the esophagus. Risks are highest for 
current smokers and lower for former smokers, in com¬ 
parison with lifetime nonsmokers. Several case- 
control studies showed an increase in risk with the 
number of cigarettes smoked and a decrease in risk 
with the number of years since quitting. These find¬ 
ings cannot be plausibly explained by confounding nor 
by the modifying effect of alcohol consumption. The 
well-documented association of smoking with squa¬ 
mous cell carcinoma and the exposure of the esoph¬ 
ageal epithelium to tobacco smoke carcinogens further 
support a causal relationship of smoking with adeno¬ 
carcinoma of the esophagus. 

Experimental studies in animals show that mul¬ 
tiple carcinogens in tobacco smoke and smoke conden¬ 
sate induce premalignant papillomas and carcinomas 
of the esophagus and forestomach in multiple species 
(USDHHS 2000). 


Evidence Synthesis 

Smoking has long been identified as a cause of 
esophageal cancer; a strong association is well docu¬ 
mented in many studies, as is dose-response and a 
decline in risk following cessation. Numerous case- 
control and cohort studies provide consistent evidence 
that cigarette smokers experience a higher incidence 
of and/or mortality from esophageal cancer than do 
lifetime nonsmokers. The risk among persons who 
currently smoke and have smoked only cigarettes is 
up to seven or eight times higher than the risk for life¬ 
time nonsmokers. Incidence and mortality rates in¬ 
crease with the number of cigarettes smoked per day 
and decrease with years since cessation. The reduc¬ 
tion in risks among former compared with continuing 
smokers occurs rapidly after cessation, beginning 
within the first 10 years. Cigarette smoking is consis¬ 
tently associated with both squamous cell carcinoma 
and adenocarcinoma in case-control studies that cIk- 
sify esophageal cancer by histologic type. The combi¬ 
nation of cigarette smoking with heavy alcohol 
consumption synergistically increases the risk of 
esophageal cancer. 


Conclusions 

1.. The evidence is sufficient to infer a causal rela¬ 
tionship between'smoking'and cancers of the 
esophagus, . . 

2. The evidence is sufficient to infer a causal relation¬ 
ship between smoking and both squamous cell: 
ccircinoma and adenocarcinoma; of the esophagus. . 

Implications 

Cigarette smoking is a major cause of esophageal 
cancer in the United States and worldwide, and smok¬ 
ing and alcohol consumption together cause most cases 
in the United States. Reductions in smoking (cigarettes, 
pipes, cigars, and other tobacco products) and reduc¬ 
tions in the use of smokeless tobacco could prevent 
most of the approximately 12.300 new cases and 12,100 
deaths from esophageal cancer that occur annually in 
the United States, and could reduce the much larger 
burden of these cancers worldwide. 
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